Aluminum enhances glutamate-mediated neurotoxicity in organotypic cultures of rat hippocampus.
Both, glutamate (GLU) and aluminum (Al) have been implicated in neuronal damage and/or death in certain human neurodegenerative disorders. Recent evidence suggests that aluminum (Al) may potentiate the increase in glutamate-induced intracellular calcium overload. The present ultrastructural study was undertaken to determine the effect of Al on the development of GLU-mediated neurotoxicity in tissue culture conditions. The experiments were performed on organotypic cultures of rat hippocampus treated with low, subtoxic concentration of GLU (50 microM) and AlCl3 (400 microM) added to the growth medium separately or in combination. The exposure of cultures to GLU in the presence of Al3+ ions for up to 24 hours resulted in the development of typical excitotoxic neuronal changes, whereas separate GLU treatment at subtoxic doses or single Al application did not produce any apparent tissue damage. The neuronal lesions resulting from the combined application of GLU plus Al consisted predominately of more or less pronounced mitochondrial abnormalities, which are characteristic for early excitotoxic events. Severe swelling of the mitochondria led to the disruption of their internal structure and finally resulted in an apparent microvacuolization of the perikaryal cytoplasm of some pyramidal neurons. The present morphological data evidenced that Al is capable to potentiate the GLU-induced degenerative changes in hippocampal neurons in vitro. This supports the view of a possible role of Al in the process of neurodegeneration and suggests that Al may participate in the development of glutamate-mediated excitotoxic neuronal injury under certain pathological conditions.